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Fuzzy C-Means ClusteringAbstract This paper presents a new approach to predict the quality of polypropylene in petro-
chemical plants. The proposed approach constructs four different models, based on a large number
of data collected from a renowned petrochemical plant in India and uses it to predict the polypropy-
lene quality. The quality of polypropylene depends on the indices such as melt flow index and the
xylene solubility of the product and the parameters controlling these two indices are hydrogen flow,
donor flow, pressure and temperature of polymerization reactors. Mamdani Interval Type-2 Fuzzy
Logic inference systems are formed for first time. The model outcomes are compared with the col-
lected plant data and a sequence of sensitivity analysis elects the most suitable model from them.
Some sensitivity analyses are provided using Fuzzy C-Means Clustering to the models.
 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Polypropylene is a versatile thermoplastic resin available in a
wide range of formulations for engineering applications.
Polypropylene (commonly called just PP) is a type of thermo-
plastic polymer resin. The chemical designation is (–C3H6–)n.
It is used both in industry and in consumer goods; it can be
used both as a structural plastic and as a fiber as well. The
structural plastic is often used for food containers, particularly
those that need to be microwave safe and dishwasher safe. The
melting point of polypropylene is very high compared to many
other plastics, at 320 F (160 C). Polypropylene is also very
easy to add dyes to and it is often used as a fiber in carpetin India.
Figure 1 House ware sector application: PP.
Figure 2 Battery sector application: PP.
Figure 3 Cast film application: PP.
Figure 4 Material development application: PP.
2 D.K. Jana et al.manufacturing that needs to be rugged and durable. Other
benefits of PP are that it does not absorb water like other plas-
tics, it does not deteriorate in the presence of bacteria, mold or
other elements, and it is lightweight and very flexible. Rapid
growth of PP as a novel material, touching all conceivable
application areas and excelling in most of them, has helped
industries in most sectors (including petrochemicals, electrical
and electronics, consumer durables, packaging, storage, gasket
and sealants, material handling and conveying, transportation
and communication, furniture, footwear, personal care and
health care, sports and entertainment) grow at a rapid pace.
The global demand for polypropylene jumped from 6.4 million
metric tons in 1983 to 38.6 million metric tons in 2004, with a
growing rate as high as 5.8% from 2004 to 2009. Recently the
world annual polypropylene production has increased from
52 million metric tons in 2008 to 69.1 million metric tons in
2013 and forecasts an annual increase on polypropylene global
demand by 3.7% in the 2010–2014 time frame (Alshaiban,
2011). One can therefore expect a very booming market and
bright future market for PP. All real-life applications of PP
are shown in Figs. 1–4. The history of PP began in 1954 when
a German chemist named Karl Rehn and an Italian chemist
named Giulio Natta first polymerized it (Martin, 1954). This
led to a large commercial production of the product that began
just three years later (Sailors and Hogan, 1981). In last
60 years, the uses of PP have expanded rapidly in every aspect
of life because of its versatility and affordability. The meanPlease cite this article in press as: Jana, D.K. et al., Application of Interval Type-2 Fuzzy Logic to polypropylene business policy in a petrochemical plant in India
Journal of the Saudi Society of Agricultural Sciences (2016), http://dx.doi.org/10.1016/j.jssas.2015.12.004consumption rate of PP was about 10% per year in the recent
past, and in application field this value is however way higher
(Karger Kocsis, 1995). Depending on the end-users demand 3
types of polypropylene are produced (i) homopolymer, (ii)
impact copolymer and (iii) random copolymer. Each type of
polymer is produced in 4 different grades (3.5 MFI, 7 MFI,
10 MFI and 36 MFI) and these grades determine the quality
of a polymer.
Application of polypropylene is based on its quality, which
is controlled by its properties, such as melt flow index (MFI)
and xylene solubility. To determine the quality of PP we, in
this paper, have tried to form a mathematical model. The qual-
ity of the polymer depends on the products that are used to
synthesize it (considered to be the input variables) and the
characteristics of the final polymer (considered as the output
variables). In classical logic approach an exact definition of
mathematical model equations is needed to formulate a phys-
ical model and this approach requires an exact definition of the
mathematical model equations to describe the phenomenon
(Naderloo et al., 2012). But in practical field where the poly-
mer is produced no such exact definitions have been followed
and the variables take only linguistic values rather than some
crisp values. One of the best methods to make a mathematical
model from it, is to apply fuzzy logic approach just like how
(Zhou et al., 2014) applied fuzzy programming to create an
integrated model for sustainable municipal energy system.
Figure 5 Systematic diagram of the Polypropylene Plant.
Figure 6 Interval type 2 set.
Figure 7 The trapezoidal IT2 FS.
Figure 8 Block diagram of Type-2 I
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Journal of the Saudi Society of Agricultural Sciences (2016), http://dx.doi.org/10.10planning and management in Shenzhen, China. The fuzzy logic
generally allows a simple knowledge representation of the pro-
duction process in terms of if-then rules (Naderloo et al.,
2012). Fuzzy inference systems (FIS) can properly describe
the complex and nonlinear phenomena with the precise rules.
The rules are typically in if-then format with different match-
ing degrees for a given operational situation (Amiryousefi
et al., 2011). Fuzzy inference is able to handle vague situations
and build model with words in the term of linguistic variables.
This is especially valuable where models are developed based
on experts knowledge and individuals without a mathematical
background are involved (Cornelissen et al., 2003; Melin and
Castillo, 2014; Olatunji et al., 2014; Dey and Jana, 2016;
Pramanik et al., 2015; Chakraborty et al., 2015). Fuzzy infer-
ence system (FIS) is one of the most efficient computational
methods rather than other analytical and statistical techniques.
Since PP production system and technologies are quite intri-
cate and uncertain, they can widely be applied for modelingnference Fuzzy System Structure.
uzzy Logic to polypropylene business policy in a petrochemical plant in India.
16/j.jssas.2015.12.004
Figure 9 The structure of Mamdani FIS.
4 D.K. Jana et al.of different components in this sector, because they can study
new patterns which were not previously available in the trained
data sets and they can also apprise knowledge over time as
long as more training data sets are provided (Khoshnevisan
et al., 2014). In the context of environmental management,
the use of the fuzzy logic method is strongly suggested.
Khoshnevisan et al. (2014) estimated the yield of greenhouse
strawberry with the help of adaptive neuro-fuzzy inference sys-
tem (ANFIS). Castro et al. (2014) suggested an integrated
recycling approach for GFRP pultrusion wastes using fuzzy
logic. Sami et al. (2014) had done a case study in cane farms
in Iran using fuzzy logic. Khoshnevisan et al. (2014) predicted
the potato yield based on energy inputs by means of ANFIS.
Alavi (2013) had determined the quality of Mozafati dates
using Mamdani fuzzy inference system. Abghari and Sadi
(2013) applied ANFIS for predicting the yield distribution of
the main products in the steam cracking of atmospheric gasoil.
Hosoz et al. (2011) predicted the performance of a refrigera-
tion system with the help of ANFIS. Wua et al. (2015) intro-
duces a technique of measuring performance of thermal
power firms in China via fuzzy Enhanced Russell measure
model. Similarly, Afrinaldi and Zhang (2014) proposed an
alternative methods for normalization and aggregation in life
cycle assessment (LCA) using a fuzzy logic based aggregation
method; Khoshnevisan et al. (2014) appraised the environmen-
tal impact on tomato and cucumber cultivation in greenhouses
using life cycle assessment and ANFIS. Khoshnevisan et al.
(2013) projected an environmental indices in potato produc-
tion using artificial neural network; Pishgar-Komleh et al.
(2012) analyzed energy consumption and CO2 emissions anal-
ysis of potato production in Iran. Nevertheless, uses of fuzzy
inference system are still in its very early stages and there is
the lack of applicable models.
In spite of the above mentioned development, lacunas still
exist in the formulation and solution model as follows:Please cite this article in press as: Jana, D.K. et al., Application of Interval Type-2 F
Journal of the Saudi Society of Agricultural Sciences (2016), http://dx.doi.org/10.10Introduction of a new and novel technology to reduce the
production of non-prime and off-grade products of inferior
quality in polypropylene plant.
 Identification of effective parameters controlling the quality
of polypropylene during manufacturing phase.Implementa-
tion of Mamdani fuzzy inference system to develop a model
that can verify plant data.Practical application of the pro-
posed model and validation of the model by a chain of
graphical sensitivity analyses.
 A new model for polypropylene business policy has been
developed for first time.
 Effective parameters controlling the quality of PP have been
identified in a petrochemical chemical plant in India.
 Mamdani Interval Type-2 Fuzzy Logic inference system has
been introduced by selecting different types of membership
functions of the input and output parameters.
 A comparative study between predicted plant data and
observed data has been shown for four proposed models
with some sensitivity analysis using Fuzzy C-Means Clus-
tering technique.
The present paper presents a complete fuzzy model which
gives an essential indicator of parameters of production system
of PP. There are so many possibilities to select functions and
operators as well as inference, implication, aggregation and
defuzzification methods, so the search for the perfect mathe-
matical model can be included among the most vital topics
in development of rules based models. Here we are concentrat-
ing on 3.5 MFI PP-powder because of its versatile and enor-
mous application in polymer industry. The main purpose of
this study was to develop a few FIS models and select the best
model in order to predict the quality of 3.5 MFI PP. For this,
we had made a primary investigation on the parameters con-
trolling the production and choose the most appropriate inputuzzy Logic to polypropylene business policy in a petrochemical plant in India.
16/j.jssas.2015.12.004
Table 1 Plant data for proposed models.
Sl. no. H2 flow (kg=h) Donor flow (kg/h) Pressure ðkg=cm2 gÞ Temperature (C) MFI (gm/10 min) Xylene
solubility (wt%)
1 1.1573 0.358 38.1 73.2 3.65 3.5
2 1.0632 0.384 38.1 72.89 3.8 3.18
3 0.948 .262 38.02 73 3.5 3.75
4 0.9909 .362 37.97 72.98 3.6 3.6
5 1.1535 .317 38 73 3.65 3.75
6 0.9665 .372 38.01 73.05 3.6 3.2
7 0.9786 .325 38.05 73.01 3.5 3.5
8 0.9915 .349 38 73 3.56 3.6
9 0.9385 .245 38.03 72.98 3.45 3.95
10 0.9876 .36 38 73 3.5 3.4
11 0.959 .264 38.01 73 3.5 4
12 0.9875 .365 37.98 73.05 3.6 3.5
13 0.993 .34 37.86 73 3.6 3.4
14 0.983 0.348 38 72.98 3.59 3.6
15 0.9075 0.276 37.99 73.01 3.3 3.45
16 0.9677 0.336 38 73 3.6 3.55
17 0.9426 0.312 37.98 73.02 3.4 3.56
18 0.9445 0.315 38 72.98 3.3 3.5
19 1.034 0.293 37.99 73 3.5 3.4
20 1.0235 0.27 38 73.01 3.55 3.8
21 0.985 0.346 38.05 73.01 3.65 3.4
22 1.107 0.252 38.01 73.01 3.6 3.8
23 0.9425 0.272 38 73 3.4 3.76
24 0.994 0.236 38 73 3.68 4
25 0.9695 0.245 38.05 73 3.55 3.8
26 0.9838 0.246 38.01 73 3.6 3.89
27 0.948 0.245 38 72.99 3.5 3.8
28 0.9735 0.334 38 73 3.6 3.55
29 0.8765 0.259 38 72.99 3.1 3.75
30 1.0423 0.274 38.02 73 3.55 3.75
31 1.0357 0.243 38.02 73.01 3.67 3.9
32 0.9035 0.284 37.98 73 3.3 3.55
33 0.974 0.278 38 73 3.6 3.7
34 0.972 0.271 38.01 73 3.6 3.8
Polypropylene business policy in a petrochemical plant in India 5and output variables. A Mamdani interval type 2 fuzzy infer-
ence system (MFT2IS) is then developed using these inputs
and outputs. Depending on the membership functions (MF)
4 models have been established and by sensitivity analyses
we chose the best fitted model among them. Finally, with some
graphical representation we validate the chosen model with
physical theoretical models. In this research work, we have
developed a Mamdani inference system using interval type 2
fuzzy variables. The proposed Models can be applied for deci-
sion making problem in a petrochemical plant. The decision
maker (DM) easily can take decision without any chemical
reaction using this type of models. DMs can get desired output
and control there inputs by using fuzzy controllers.
2. Notations and abbreviations
The following notations are used to describe the proposed
model.
(i) n= number of experiments.
(ii) FIS = fuzzy inference system.
(iii) MFIS =Mamdani fuzzy inference system.
(iv) R2 = coefficient of determination.Please cite this article in press as: Jana, D.K. et al., Application of Interval Type-2 F
Journal of the Saudi Society of Agricultural Sciences (2016), http://dx.doi.org/10.10(v) RMSE= root mean square error.
(vi) MAE=mean absolute error.
(vii) MAPE=mean absolute percentage error.
(viii) ypred = predicted value.
(ix) ypred =mean of the predicted values.
(x) yobs = observed value from model.
(xi) MFI =melt flow index.
(xii) MF =membership function.
(xiii) ANFIS = adaptive neuro-fuzzy inference system.
3. Plant setup
Production process of PP is a very complex and intricate con-
tinuous process. The raw materials such as propylene, ethy-
lene, and any other desired comonomers are fed into the
reactor. Hydrogen is then added to control the molecular
weight. Teal is blended to activate the catalyst. At that point
of time donor is mixed to the precontacting pot. Polymeriza-
tion conditions (pressure, temperature and reactant concentra-
tions) are set by the polymer grade being made. The reaction
itself is exothermic and the cooling of the reactor is achieved
by plate heat exchange, where liquefied reactor gas (mainlyuzzy Logic to polypropylene business policy in a petrochemical plant in India.
16/j.jssas.2015.12.004
Table 2 Remaining plant data for proposed models.
Sl. no. H2 flow (kg/h) Donor flow (kg/h) Pressure
ðkg=cm2 gÞ
Temperature (C) MFI (gm/10 min) Xylene solubility (wt%)
35 0.9357 0.269 38.1 73.3 3.5 3.8
36 0.9672 0.351 38.12 73 3.4 3.4
37 0.9735 0.263 38 72.99 3.5 3.75
38 0.9768 0.34 38.02 72.99 3.4 3.5
39 0.9705 0.255 37.18 73.01 3.6 3.9
40 0.965 0.295 38 73 3.6 3.4
41 0.9515 0.27 38.12 73 3.6 3.7
42 0.995 0.275 38.01 73 3.55 3.75
43 0.946 0.272 38.03 73.01 3.5 3.7
44 0.9236 0.274 37.89 73.01 3.3 3.8
45 0.9255 0.263 38.01 73.01 3.2 3.8
46 0.9619 0.245 38 73.3 3.5 4
47 1.031 0.284 37.98 73.01 3.4 3.5
48 0.9385 0.248 38.02 72.99 3.4 3.9
49 0.9725 0.288 38 73 3.51 3.45
50 0.9405 0.257 38.01 73 3.45 3.75
51 1.0545 0.279 38 70 3.7 3.6
52 1.08 0.27 38.01 70.03 3.4 3.75
53 0.9365 0.292 37.99 70 3.4 3.4
54 0.9855 0.294 38 70.01 3.4 3.45
55 0.9755 0.289 37.99 70 3.4 3.55
56 0.9195 0.316 38 70.01 3.2 3.45
57 0.8925 0.374 37.99 70 3.4 3.05
58 0.8825 0.357 37.99 70 3.1 3.55
59 0.8925 0.328 38.01 69.99 3.2 3.49
60 0.9685 0.285 38 70.1 3.31 3.6
61 0.9136 0.291 37.99 70 3.35 3.54
62 0.9236 0.268 38.1 70.01 3.3 3.75
63 0.9235 0.289 38.02 70.02 3.35 3.5
64 0.9565 0.206 38.1 70.1 3.7 4.2
65 0.923 0.235 37.99 71.01 3.5 3.8
66 0.898 0.215 38 71 3.42 4.3
67 0.9045 0.285 38.02 71 3.41 3.45
68 0.8955 0.25 38.4 70.99 3.41 3.67
69 0.9195 0.27 38.2 71 3.42 3.8
70 0.9123 0.265 37.99 71.02 3.3 3.8
6 D.K. Jana et al.propylene) is mixed with fresh feed and injected into the reac-
tor. Flash evaporation of the liquid in the polymer bed ensures
maximum heat exchange. The polymer powder is then dis-
charged from the reactor and separated from the unreacted
monomer in a discharge vessel at an atmospheric pressure.
The production of PP is a very complex and as well as an elon-
gated process. The plant setup of a polypropylene unit (PP
Unit) is presented in Fig. 5.
The monomer is compressed and recycled into the reactors
and partly returned to the upstream off-gas unit for recovery inTable 3 Nature of linguistic variables for input and output
data.
Input/output Linguistic variables
H2 (Low, medium, high)
Donor (Low, medium, high)
Pressure (Low, adequate, high)
Temperature (Low, high)
MFI (Low, required, high)
Xylene (Low, required, high)
Please cite this article in press as: Jana, D.K. et al., Application of Interval Type-2 F
Journal of the Saudi Society of Agricultural Sciences (2016), http://dx.doi.org/10.10order to remove accumulated propane. The polymer is flushed
with nitrogen in a purge vessel to strip it of residual propylene.
The purge vessel off-gas is passed to a membrane unit to
recover the remaining monomers and the nitrogen for reuse.
The powder is transported to powder silos and is then con-
verted into pellets that incorporate a full range of well dis-
persed additives. For highly demanding applications
requiring extremely low volatile and odor levels, the Novolen
process offers an optional degassing unit to treat the pellets
after extrusion.
4. Materials selection and fuzzy logic modeling
The method to develop a prediction model from the plant data
and applicability of fuzzy logic on that model is presented in
this section.
4.1. Selection of input–output variables
Polypropylene production procedure involves a lot of param-
eters at a time. But the significant parameters that affect the
production most are – hydrogen flow, donor flow, pressureuzzy Logic to polypropylene business policy in a petrochemical plant in India.
16/j.jssas.2015.12.004
Table 4 Outcomes from different proposed models.
Sl. no. MFI
Model-1
MFI Model-2 MFI Model-3 MFI Model-4 Xylene Model-1 Xylene Model-2 Xylene Model-3 Xylene Model-4
1 3.51 3.51 3.52 3.52 3.51 3.52 3.48 3.46
2 3.52 3.5 3.5 3.51 3.05 3.11 3.15 3.16
3 3.42 3.45 3.31 3.35 3.82 3.79 3.8 3.79
4 3.51 3.5 3.47 3.45 3.5 3.5 3.42 3.43
5 3.78 3.7 3.77 3.74 3.78 3.7 3.77 3.74
6 3.5 3.5 3.36 3.38 3.11 3.17 3.17 3.18
7 3.5 3.5 3.5 3.42 3.5 3.5 2.5 3.51
8 3.5 3.5 3.47 3.45 3.5 3.5 3.47 3.45
9 3.35 3.38 3.29 3.33 3.97 3.91 3.87 3.87
10 3.5 3.5 3.45 3.44 3.45 3.47 3.33 3.36
11 3.48 3.49 3.35 3.38 3.82 3.79 3.8 3.79
12 3.5 3.5 3.44 3.43 3.31 3.35 3.27 3.3
13 3.5 3.49 3.47 3.45 3.5 3.5 3.5 3.49
14 3.5 3.5 3.43 3.44 3.5 3.5 3.48 3.46
15 3.19 3.22 3.21 3.22 3.72 3.68 3.76 3.73
16 3.5 3.5 3.38 3.4 3.5 3.5 3.5 3.5
17 3.36 3.39 3.29 3.33 3.5 3.5 3.51 3.54
18 3.38 3.41 3.31 3.34 3.5 3.5 3.5 3.53
19 3.5 3.5 3.5 3.49 3.5 3.5 3.65 3.62
20 3.5 3.51 3.5 3.49 3.78 3.74 3.78 3.76
21 3.5 3.5 3.44 3.49 3.5 3.5 3.5 3.47
22 3.5 3.5 3.53 3.55 3.87 3.83 3.82 3.82
23 3.31 3.39 3.3 3.33 3.75 3.72 3.77 3.75
24 3.5 3.5 3.48 3.45 4.15 4.08 3.92 3.93
25 3.44 3.5 3.38 3.41 3.95 3.9 3.86 3.86
26 3.5 3.5 3.44 3.44 3.94 3.89 3.85 3.86
27 3.33 3.43 3.31 3.35 3.96 3.9 3.86 3.87
28 3.46 3.5 3.4 3.42 3.5 3.5 3.5 3.5
29 2.98 3.04 3.12 3.11 3.83 3.8 3.81 3.8
30 3.5 3.5 3.5 3.5 3.73 3.7 3.76 3.74
31 3.5 3.5 3.5 3.49 3.98 3.92 3.87 3.87
32 3.16 3.2 3.19 3.2 3.59 3.57 3.71 3.68
33 3.46 3.5 3.4 3.42 3.68 3.65 3.74 3.71
34 3.45 3.5 3.39 3.41 3.76 3.73 3.77 3.75
35 3.24 3.3 3.25 3.28 3.78 3.75 3.78 3.76
Polypropylene business policy in a petrochemical plant in India 7of the reactor and temperature of the reactor. We therefore
selected these 4 parameters as the input variables of our model.
Again the different grades of the polymer determine the qual-
ity of it and the basic difference between these grades is in the
measurement of the melt flow index (MFI) and the xylene sol-
ubility. So, we select these 2 as our output variables.
4.1.1. Hydrogen flow
Hydrogen is used to maintain the polymer chain length, hence
to control the MFI. For any kind of polymerization reaction
hydrogen is required for chain termination part. In the absence
of hydrogen chain propagation will not be stopped, which
results formation of very high molecular weight polymer.
Hydrogen is used to cut the polymer chains into desired length,
and in this way the intrinsic viscosity, MFI, average molecular
weight is controlled for polypropylene production. The rate of
flow of hydrogen is measured by kg=h unit. For 3.5 MFI pow-
der hydrogen flow ranges from 0:6 kg=h to 1:5 kg=h.
4.1.2. Donor flow
Donor acts as a stereo regulating agent, which produces high
concentration of isotactic polymers. Without donor, polymer-
ization with high mileage catalyst would produce high concen-Please cite this article in press as: Jana, D.K. et al., Application of Interval Type-2 F
Journal of the Saudi Society of Agricultural Sciences (2016), http://dx.doi.org/10.10tration of atactic polymer, which is waxy in nature. Donor
helps the polymerization reaction to be more stereo-specific
in nature by controlling the amount of atactic polymer produc-
tion. Although a controlled amount of atactic material is
needed in the final product for obtaining good polymer process
ability, the atactic content of the final product is controlled by
adjusting the donor addition rate. The rate of flow of donor is
measured by kg=h unit. For 3.5 MFI powder donor flow
ranges from 0:2 kg=h to 0:5 kg=h.
4.1.3. Pressure
PP production process is a slurry polymerization process and
pressure plays a vital role in it. The main role of pressure is
to soluble hydrogen in propylene medium which favors the
polymerization reaction. For 3.5 MFI powder the pressure
of the reactor is keeping at 37.5–38.5 kg/cm2 g. When it is
increased hydrogen becomes more soluble and reaction rate
of polymerization increases.
4.1.4. Temperature
Polymerization reaction, being a multi-order reaction, when
temperature changes the rate of the reaction varies. For 3.5
MFI powder temperature of the reactor is maintained at 70–uzzy Logic to polypropylene business policy in a petrochemical plant in India.
16/j.jssas.2015.12.004
Figure 10 Model-1.
Figure 11 Model-2.
8 D.K. Jana et al.73 C. Reaction cannot be controlled at any temperature less
or higher than this range.
4.1.5. Melt flow index (MFI)
MFI is a quality control test that measures how easily the
resin flows. It is the amount of molten polymer in grams,
that is forced out of a capillary die in 10 min with an appliedPlease cite this article in press as: Jana, D.K. et al., Application of Interval Type-2 F
Journal of the Saudi Society of Agricultural Sciences (2016), http://dx.doi.org/10.10specified weight and specified temp, 230 C for polypropy-
lene. The unit for MFI is gm=10 min. MFI gives us an idea
of the molecular weight of the polymer. It also provides a
rough idea of how long or short the molecular chains are
in the sample being measured. A high MFI resin generally
will have a lower viscosity. That is, it will flow and process
more easily.uzzy Logic to polypropylene business policy in a petrochemical plant in India.
16/j.jssas.2015.12.004
Figure 12 Model-3.
Figure 13 Model-4.
Polypropylene business policy in a petrochemical plant in India 94.1.6. Xylene solubility
This method is used to determine the percent of atactic poly-
mer weight fraction in polypropylene. Atactic polymer is sol-
uble in ortho-xylene at 25 C. The method may also be used
to obtain the amount of atactic polymer and oils present in
the polymer. Both isotactic and atactic polypropylene are sol-Please cite this article in press as: Jana, D.K. et al., Application of Interval Type-2 F
Journal of the Saudi Society of Agricultural Sciences (2016), http://dx.doi.org/10.10uble in ortho-xylene at high temperature. Isotactic portion
gets precipitated at 25 C. Removal of this portion gives
atactic portion along with low molecular weight fractions
remaining in the solution; from the low molecular weight frac-
tions the amount of polypropylene soluble in xylene can be
calculated.uzzy Logic to polypropylene business policy in a petrochemical plant in India.
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Figure 14 Fuzzy logic rules for controlling xylene solubility and MFI.
10 D.K. Jana et al.4.2. Type-2 fuzzy sets
A type-2 fuzzy set (Jana et al., 2014) expresses the non-
deterministic truth degree with imprecision and uncertainty
for an element that belongs to a set. A type-2 fuzzy set (in
Fig. 6, cf. Castillo and Melin, 2008) denoted by
eeA , is charac-
terized by a type-2 membership function leAðx; uÞ where
x 2 X; 8u 2 Jux# ½0; 1 and 0 6 leAðx; uÞ 6 1 defined in Eq. (1)eeA ¼ fðx; leAðxÞÞjx 2 XgeeA ¼ fðx; u; leAðx; uÞÞjx 2 X; 8u 2 Jux# ½0; 1g ð1Þ
If
eeA is fuzzy type 2 (FT2) continuous variable, it is denoted in
Eq. (2)
eeA ¼ Z
x2X
Z
u2Jux
fxðuÞ=u
" #
=x
( )
ð2Þ
where
RR
denotes the union of x and u. If A is FT2 discrete,
then it is denoted by Eq. (3)
eeA ¼ X
x2X
leeA ðxÞ=x
( )
¼
XN
i¼1
XMi
k¼1
fxiðukÞ=uik
" #
=xi
( )
ð3ÞPlease cite this article in press as: Jana, D.K. et al., Application of Interval Type-2 F
Journal of the Saudi Society of Agricultural Sciences (2016), http://dx.doi.org/10.10where
PP
denotes the union of x and u. If
fxðuÞ ¼ 1; 8u 2 ½Jux; Jux# ½0; 1, the type-2 membership func-
tion leeA ðx; uÞ is expressed by one type-1 inferior membership
function, Jux ¼ lAðxÞ and one type-1 superior, Jux ¼ lAðxÞ, then
it is called an interval type-2 fuzzy set denoted by Eqs. (4) and
(5).
eeA ¼ ðx; u; 1Þj8x 2 X; 8u 2 ½lAðxÞ; lAðxÞ# ½0; 1n o ð4Þ
or
eeA ¼ Z
x2X
Z
u2½Jux ;Jux # ½0;1
1=u
" #
=x
( )
¼
Z
x2X
Z
u2½lAðxÞ;lAðxÞ# ½0;1
1=u
" #
=x
( ) ð5Þ
If
eeA is a type-2 fuzzy Singleton, the membership function is
denoted and defined by Eq. (6).
leeA ðxÞ ¼ 1=1; six ¼ x
0
1=0; six – x0

ð6Þuzzy Logic to polypropylene business policy in a petrochemical plant in India.
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Figure 15 Fuzzy logic controller.
Polypropylene business policy in a petrochemical plant in India 11Definition 1. A type-1 fuzzy set X is comprised of a domain DX
of real numbers (also called the universe of discourse of X)
together with a membership function (MF) lx : DX ! ½0; 1,
i.e.
X ¼
Z
Dx
lxðxÞ=x ð7Þ
Here
R
denotes the collection of all points x 2 DX with associ-
ated membership grade lxðxÞ.
Definition 2 (Mendel, 2001). An IT2 FS eX is characterized by
its MF lxðx; uÞ, i.e
eX ¼ Z
x2Dx
Z
u2Jx# ½0;1
lxðx; uÞ=ðx; uÞ
¼
Z
x2Dx
Z
u2Jx # ½0;1
1=ðx; uÞ
¼
Z
x2Dx
Z
u2Jx# ½0;1
1=u
" #,
x
ð8Þ
where x, called the primary variable, has domain
DeX : u 2 ½0; 1, called the secondary variable, has domain
Jx# ½0; 1 at each x 2 DeX ; Jx is also called the support of
the secondary MF, and is defined below in (25); and, the
amplitude of leXðx; uÞ, called a secondary grade of eX, equals
1 for 8x 2 DeX and 8u 2 Jx# ½0; 1.
For general type-2 FSs lXðx; uÞ can be any number in ½0; 1,
and it varies as x and/or u vary. An example of an IT2 FS is
shown in Fig. 7.Please cite this article in press as: Jana, D.K. et al., Application of Interval Type-2 F
Journal of the Saudi Society of Agricultural Sciences (2016), http://dx.doi.org/10.10Definition 3. The uncertainty about eX is suggested by the
union of all its primary memberships, which is said the foot-
print of uncertainty (FOU) of eX, i.e.,
FOUð eXÞ ¼ [
8x2DeXJx ¼ ðx; uÞ : u 2 Jx# ½0; 1f g ð9Þ
The size of an FOU is directly related to the uncertainty
that is conveyed by an IT2 FS. So, an FOU with more area
is more uncertain than one with less area.
Definition 4. The upper membership function (UMF) and
lower membership function (LMF) of eX are two T1 MFs X
and X that bound the FOU (see Fig. 6).
Jx ¼ ½lXðxÞ; lXðxÞ ð10Þ
Using (10), FOU ( eX) can also be expressed as
FOUð eXÞ ¼ [
x2Dx
½lXðxÞ; lXðxÞ ð11Þ
which is depicted in Fig. 7.4.3. Fuzzy tool
Fuzzy inference system is a scientific tool for replication of the
system without a thorough mathematical explanation. The
perception of fuzzy logic, put forth by Lotfi Zadeh in 1965,
has two different senses. In a narrow sense it deals with the
classes of objects with unsharp boundaries in which member-uzzy Logic to polypropylene business policy in a petrochemical plant in India.
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Table 5 Remaining outcomes from different proposed models.
Sl.
no.
MFI Model-
1
MFI Model-
2
MFI Model-
3
MFI Model-
4
Xylene Model-
1
Xylene Model-
2
Xylene Model-
3
Xylene Model-
4
36 3.42 3.5 3.37 3.4 3.5 3.5 3.44 3.44
37 3.46 3.51 3.4 3.42 3.82 3.79 3.8 3.79
38 3.48 3.5 3.41 3.42 3.5 3.5 3.5 3.49
39 3.44 3.5 3.39 3.41 3.85 3.81 3.81 3.8
40 3.41 3.5 3.37 3.39 3.5 3.5 3.64 3.61
41 3.35 3.45 3.32 3.36 3.77 3.74 3.78 3.76
42 3.5 3.5 3.48 3.46 3.72 3.69 3.76 3.73
43 3.32 3.41 3.3 3.34 3.76 3.72 3.77 3.75
44 3.23 3.29 3.24 3.27 3.74 3.7 3.76 3.74
45 3.24 3.3 3.25 3.28 3.82 3.79 3.8 3.79
46 3.4 3.5 3.36 3.39 3.95 3.9 3.86 3.86
47 3.5 3.5 3.5 3.49 3.59 3.56 3.71 3.68
48 3.29 3.37 3.29 3.32 3.92 3.87 3.85 3.85
49 3.45 3.5 3.39 3.41 3.52 3.5 3.68 3.65
50 3.3 3.38 3.29 3.33 3.84 3.8 3.81 3.8
51 3.5 3.5 3.5 3.5 3.63 3.61 3.71 3.67
52 3.5 3.5 3.5 3.51 3.73 3.71 3.75 3.73
53 3.32 3.38 3.3 3.34 3.5 3.5 3.64 3.61
54 3.5 3.5 3.45 3.45 3.5 3.5 3.62 3.59
55 3.48 3.5 3.42 3.44 3.5 3.5 3.65 3.62
56 3.24 3.29 3.25 3.27 3.5 3.5 3.5 3.53
57 3.28 3.32 3.42 3.29 3.05 3.11 3.15 3.15
58 3.03 3.09 3.14 3.13 3.5 3.5 3.37 3.4
59 3.8 3.13 3.15 3.15 3.5 3.5 3.5 3.51
60 3.45 3.5 3.4 3.42 3.55 3.54 3.36 3.64
61 3.21 3.26 3.23 3.25 3.5 3.5 3.67 3.64
62 3.26 3.31 3.26 3.29 3.76 3.74 3.77 3.75
63 3.26 3.31 3.26 3.29 3.5 3.5 3.67 3.63
64 3.5 3.5 3.5 3.48 4.5 4.5 4.5 4.29
65 3.42 3.44 3.33 3.36 4.21 4.15 3.95 3.97
66 3.5 3.5 3.46 3.45 4.5 4.49 4.29 4.15
67 3.16 3.2 3.19 3.21 3.57 3.55 3.71 3.67
68 3.25 3.28 3.24 3.27 3.9 3.86 3.84 3.84
69 3.24 3.29 3.25 3.27 3.76 3.71 3.77 3.75
70 3.21 3.25 3.22 3.24 3.81 3.78 3.8 3.78
Table 6 Statistical data analysis for MFI.
Parameter Model-1 Model-2 Model-3 Model-4
RMSE 0.118 0.097 0.137 0.016
MAE 0.105 0.083 0.126 0.115
MAPE (%) 3.126 2.418 3.574 3.272
R2 0.9988 0.9992 0.998 0.9985
Table 7 Statistical data analysis for xylene solubility.
Parameter Model-1 Model-2 Model-3 Model-4
RMSE 0.104 0.094 0.124 0.105
MAE 0.0749 0.0688 0.0905 0.080
MAPE (%) 1.984 1.827 2.478 2.209
R2 0.992 0.999 0.9989 0.999
12 D.K. Jana et al.ship is a matter of degree and the second meaning is that of an
if-then rule or fuzzy rule (Khoshnevisan et al., 2014). It is
widely used to elicit expert knowledge and model the human
thinking process (Afrinaldi and Zhang, 2014). The fuzzy infer-
ence system has four stages (Bojadziev and Bojadziev, 2007):
4.3.1. Fuzzification
The fuzzification process describes inputs, outputs and their
respective membership functions (MFs). In this stage, real
numerical values of input and output variables are changed
into a membership grade to a fuzzy set, which defines the prop-
erty of the variable to fuzzy form using MFs. A membership
function is a curve that plots each point in the input space to
a membership value between 0 and 1. Let, X be the universePlease cite this article in press as: Jana, D.K. et al., Application of Interval Type-2 F
Journal of the Saudi Society of Agricultural Sciences (2016), http://dx.doi.org/10.10of discourse and its elements be designated by x, then a fuzzy
set eA is defined as a set of ordered pairs in Eq. (6). Fuzzy MFs
are divided into linear and S shaped functions. Many types of
curves can be used for MF such as triangular, trapezoidal,
Gaussian, generalized – bell and sigmoidal.
4.3.2. Application of the rule base to fuzzy data
A rule base system is a set of if-then linguistic rules. They
describe the logical evolution of a system according to linguis-
tic values of its principle characters (called linguistic variables).
In other words, the rule base simplifies the relationship among
the MFs and the form of the result of membership function. If-
then linguistic rules have the general form:uzzy Logic to polypropylene business policy in a petrochemical plant in India.
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Polypropylene business policy in a petrochemical plant in India 13If x1 is A1 AND x2 is A2 . . . AND xm is Am THEN y is B,
where x1 . . ., xm are input variables with linguistic values
A1 . . . ;Am respectively and y is the output variable with lin-
guistic value B.
Fuzzy rules can be quantitatively stated in many ways by
selecting a explicit mathematical representation of the AND,
OR and compensatory operators (Tsourveloudis and Phillis,
1998). For example, if two interval type 2 fuzzy sets
eeA andeeB are defined on the universe X, for a given element x belong-
ing to X, the conjunction AND and OR expressed by Min and
Max operators respectively appear as follows:
Intersection ðANDÞ : eeA \ eeB ¼ Z
x2X
leeA ðxÞ \ leeB ðxÞ ð12Þ
Union ðORÞ : eeA [ eeB ¼ Z
x2X
leeA ðxÞ [ leeB ðxÞ ð13Þ4.3.3. Inference of fuzzy results
If-then type fuzzy rules convert the fuzzy input to the fuzzy
output which in the defuzzification phase are transformed into
real data.
4.3.4. Defuzzification
This process converts the fuzzy output of the inference engine
to crisp value using membership functions. There is no unique
technique to execute the defuzzification operation. The several
existing approaches for defuzzification consider the shape of
the fuzzy numbers, namely the length of supporting intervals,
height of the triangles and trapezoids, closeness to central tri-
angular numbers. Center of maximum (CoM), smallest of the
maximum (SoM), largest of the maximum (LoM), mean of
maximum (MoM), and center of area (CoA) or center of grav-
ity (CoG) methods are from the most common defuzzification
techniques applied in nearly all models.
The mathematics of fuzzy logic and fuzzy inference are dis-
cussed in detail in several literatures that for more detailed
information are referenced (Lee, 1990; Von Altrock, 1995;
Ruspini et al., 1998; Ross, 2004; Bojadziev and Bojadziev,
2007, etc).
4.4. Model development
A fuzzy rule-based model is developed in several stages. In this
paper, a five-step cycle is followed to complete the final model
as following Fig. 9:
(i) Determination of input and output parameters of the
model.
(ii) Construction of MFs for each input and output param-
eters of the model.
(iii) Definition of rules.
(iv) Selection of operators and inference, implication, aggre-
gation and defuzzification methods.
(v) Comparison of model outputs with predicted values and
validity evaluation using sensitivity analysis.
We can repeat this cycle as many times we want to provide
a reliable final model and in each cycle, one or more factors
may be modified.Please cite this article in press as: Jana, D.K. et al., Application of Interval Type-2 F
Journal of the Saudi Society of Agricultural Sciences (2016), http://dx.doi.org/10.10A block diagram of an Interval Type-2 Fuzzy inference sys-
tem is also shown in Fig. 8. It is composed of five functional
blocks as given below:
(i) A fuzzification interface – which transforms the crisp
inputs into degrees of match with linguistic values.
(ii) A rule base – containing a number of fuzzy if-then rules.
(iii) A database – which defines the membership functions of
the fuzzy sets utilized in the fuzzy rules.
(iv) A decision-making unit – that performs the inference
operations on the rules.
(v) A defuzzification interface – which transforms the fuzzy
results of the interference into a crisp output.
5. Solution procedure
Fuzzy method is a procedure that is capable of taking into
account ambiguous and vague thinking. The fuzzy inference
systems are recently more popular tools for solving engineering
problems because of their unique features in predicting com-
plex phenomena. The most important two types of fuzzy infer-
ence systems are Mamdani and Sugeno fuzzy inference
methods. When the output variables are also fuzzy sets with
membership function then MFIS is the most commonly used
inference method. This method is introduced by Mamdani
and Assilian (1975). The canonical structure for this system
will have the following structure:
If x is eA and y is eeB then z is eeC , where eeA and eeB are interval
type 2 fuzzy sets in the antecedent and eC is a interval type 2
fuzzy set in the consequent (Castillo and Melin, 2008).
Another known inference method is the Takagi–Sugeno–
Kang method of fuzzy inference process. This method was
introduced by Sugeno in 1985 (Sugeno, 1985). A typical canon-
ical fuzzy rule for this method has the following form:
If x is
eeA and y is eeB then z ¼ fðx; yÞ, where eeA and eeB are
interval type 2 fuzzy sets in the antecedent and z ¼ fðx; yÞ is
a crisp function in the consequent. Generally, fðx; yÞ is a poly-
nomial in the input variables x and y (Castillo and Melin,
2008). The main difference between the two methods lies in
the consequent of fuzzy rules.
In this paper, we are using MFIS to predict the quality of
PP. To compute the output of this FIS given the inputs, six
steps have to be followed:
(i) Determine a set of fuzzy rules.
(ii) Fuzzify the inputs using the input membership functions
(converts the crisp input to a linguistic variable using the
membership functions stored in the fuzzy knowledge
base).
(iii) Combine the fuzzified inputs according to the fuzzy rules
to establish a rule strength (fuzzy operations).
(iv) Find the consequence of the rule by combining the rule
strength and the output membership function
(implication).
(v) Combine the consequences to get an output distribution
(aggregation).
(vi) Defuzzify the output distribution (which converts the
fuzzy output of the inference engine to crisp using mem-
bership functions analogous to the ones used by theuzzy Logic to polypropylene business policy in a petrochemical plant in India.
16/j.jssas.2015.12.004
14 D.K. Jana et al.fuzzifier). The next case study shows the command line
editing procedure of the Mamdani Interval Type-2
Fuzzy Logic inference system structure implemented in
the IT2FLS Toolbox. The proposed Mamdani fuzzy
inference model with 4 input and 2 output variables is
displayed in Fig. 9. Hydrogen flow, donor flow, temper-
ature and pressure are taken as the 4 input variables
whereas MFI and xylene solubility are considered as
output variables. In this model, we have applied 36 if-
then rules which are depicted in Fig. 12. Min and Max
operators are employed to evaluate the logical conjunc-
tion AND and OR. We have used Min and Max opera-
tors for implication and aggregation method
respectively. Centroid method is applied for the
defuzzification.
5.1. Selection of MFs
Data for this research are collected from a renowned petro-
chemical plant in India in the year of 2014 during the month
of May. We collected 70 sets of data of PP production process.
Data are tabulated in the Tables 1 and 2.
Several studies have noted that the shape and type ofMFs are
themost influential factors for fuzzymodel development (Li and
Yen, 1995; Cornelissen et al., 2003).MFs are at the core of infer-
ence models and their proper choice is important regarding the
validation of the fuzzy models (Chang and Hall, 1992). The
membership functions of the fuzzy type input variables such
as hydrogen flow, donor flow, pressure and temperature are
recorded in respectively three and two quality features, whereas
the membership functions of the fuzzy type output variables
MFI and xylene solubility are set in two quality features.
The nature of linguistic variables is different for the pro-
posed models. Hence, from the practical knowledge the above
Table 3 has been considered for the membership functions of
the input and output variables (see Table 4).
Depending on the MFs, we have developed four different
MFTI2IS models. In the first model, all the input and output
variables are considered as trapezoidal type fuzzy variables,
which are depicted in Fig. 10. In Model-2, the inputs are trape-
zoidal type and the outputs are gaussian type fuzzy variables
(depicted in Fig. 11). The inputs and outputs are all triangular
fuzzy variables in Model-3 (Fig. 12). Demonstration of Model-
4 having gaussian type fuzzy variables as inputs and outputs is
shown in Fig. 13.
5.2. Results and discussion
Corresponding to every input data, collected from the plant,
we recorded the output values observed from each of the 4
models. The plant data are considered as predicted value and
the model output as observed value. In order to control the
business performance of the predictive models, we have
defined some statistical parameters. The prediction capability
of proposed models is evaluated by using the test data in the
trained data and comparing the outputs and measured values.
In addition, the statistical parameters such as the root mean
square error (RMSE) and the determination coefficient ðR2Þ
are used to compare predicted and measured values of flexible
modulus. The RMSE is defined by the following Eq. (14):Please cite this article in press as: Jana, D.K. et al., Application of Interval Type-2 F
Journal of the Saudi Society of Agricultural Sciences (2016), http://dx.doi.org/10.10RMSE ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1
n
Xn
i¼1ðypredi  yobsiÞ
2
r
ð14Þ
In addition, the determination coefficient ðR2Þ can be calcu-
lated using Eq. (15) that is given by the following:
R2 ¼ 1
Pn
i¼1ðypredi  yobsiÞ
2Pn
i¼1y
2
obsi
ð15Þ
Mean absolute percentage error (MAPE) measures the
average of the squares of the errors. The smaller values of
MAPE ensure the better performance of the proposed models.
The MAPE is calculated by the following Eq. (16):
MAPE ¼ 1
n
Xn
i¼1
jðypredi  yobsiÞj
ypredi
 100% ð16Þ
However, the performance and efficiency of the proposed
models are also analyzed using mean absolute error (MAE),
which is defined by Eq. (17):
MAE ¼ 1
n
Xn
i¼1
jypredi  yobsi j ð17Þ
where n is the number of data patterns in the data set, ypredi
indicates the predicted value of one data point i and yobsi is
the observed value of one data point i. Fuzzy logic is now a
wide field of study and different tools have been developed
over the last 15 years. The important aspect of the present
research work is that the decision maker can control both
input and output data by using Fuzzy logic controller. The
graphical representation of such type fuzzy logic controller is
shown in Fig. 10 for input and output data. Fuzzy logic is
now a wide field of study and different tools have been devel-
oped over the last 10 years. The important aspect of the pre-
sent research work is that the decision maker can control
both input and output data by using Fuzzy logic controller.
The graphical representation of such type fuzzy logic con-
troller is shown in Fig. 14 for input and output data and fuzzy
controller in Fig. 15.
The values of different statistical parameters for the two
output variables are presented in Tables 5 and 6. From Table 5
it is fairly noticeable that the RMSE and MAE of MFI are
minimum for Model-2 and they are very close to 0. Again,
MAPE of Model-2 is just 2:4181% and R2 is very proximate
to 1. Therefore, this model is generating MFI values very much
alike plant data.
Similarly, it is very much evident from Table 6 that the
RMSE and MAE are minimum for Model-2 for xylene solubil-
ity and they are very near to 0. Again, MAPE of Model-2 is
recorded just 1:825969% and R2 is almost 1. On the basis of
statistical data analysis of MFI and xylene solubility, we can
elect the Model-2 as the best fitted model among the four for
determining the quality of PP. Regarding fuzzy model, it is
observed that the MFIS algorithm can quite effectively predict
the quality of PP (see Table 7).
6. Sensitivity analysis
Sensitivity analysis measures the changes in parameter values
and errors and their impacts on model conclusions. To develop
a model, it can be useful for (i) validity or accuracy of the
model, (ii) finding errors in the model, (iii) simplifying theuzzy Logic to polypropylene business policy in a petrochemical plant in India.
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Figure 16 Comparison between predicted and observed values of xylene solubility.
Figure 17 Comparison between predicted and observed values of MFI.
Figure 18 Relation between MFI and Hydrogen flow.
Polypropylene business policy in a petrochemical plant in India 15model, (iv) calibrating the model, (v) coping with poor or miss-
ing data and (vi) ranking acquisition of information (Pannell,
1997).
Sensitivity analysis methods can be classified in several
ways such as mathematical, statistical and graphical (FreyPlease cite this article in press as: Jana, D.K. et al., Application of Interval Type-2 F
Journal of the Saudi Society of Agricultural Sciences (2016), http://dx.doi.org/10.10and Patil, 2002). In this paper, the sensitivity analyses have
been made by graphical method. This method gives the repre-
sentation of sensitivity in the form of graphs, charts, or sur-
faces. Generally, graphical methods are used as a screening
method before further analysis of a model or to represent com-uzzy Logic to polypropylene business policy in a petrochemical plant in India.
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Figure 19 Relation between xylene solubility and donor flow.
Figure 20 Surface view of hydrogen flow, temperature and MFI.
Figure 21 Surface view of hydrogen flow, pressure and MFI.
Figure 22 Surface view of hydrogen flow, donor flow and xylene
solubility.
Figure 23 Surface view of pressure, donor flow and xylene
solubility.
16 D.K. Jana et al.plex dependence between inputs and outputs (McCamley and
Rudel, 1995). To validate the model outcomes with the pre-
dicted plant data it is very important to do a sensitivity analy-
sis. Here by using some graphical representation we have tried
to verify the model with the actual plant set-up.
First we plot 70 plant data and Model-2 outputs of xylene
solubility simultaneously in a graph. From Fig. 16, it is
observed that the two sets of data do not differ much. Simi-Please cite this article in press as: Jana, D.K. et al., Application of Interval Type-2 F
Journal of the Saudi Society of Agricultural Sciences (2016), http://dx.doi.org/10.10larly, the difference between the model output and plant data
of MFI is very minute as reflected from Fig. 17.
Again, physically MFI is directly proportionate to the
hydrogen flow and xylene solubility is inversely proportionate
to donor flow, i.e.,uzzy Logic to polypropylene business policy in a petrochemical plant in India.
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Figure 24 Surface view of temperature, donor flow and xylene
solubility.
Polypropylene business policy in a petrochemical plant in India 17MFI / Hydrogen flow ð18Þ
Xylene solubility / 1
Donor flow
ð19Þ
To verify the physical relationship between H2 flow and
MFI we plot input data of H2 flow on x-axis and on y-axis
we plot the plant data and Model-2 output of MFI simultane-
ously. Now, from Fig. 18, it can easily be observed that the
increment of hydrogen flow increases the value of MFI which
directly verifies Eq. (18) quite efficiently for both the predicted
and the observed values of MFI. The validation of Eq. (19) is
completed in Fig. 19, where we plot input data of donor flow
on x-axis and the plant data and Model-2 output of xylene sol-
ubility against y-axis. The figure depicts that the increment in
the value of donor flow results a fall in the value of xylene sol-
ubility. Again if we consider 3-dim views of relationship
between any two input variables with any one output variable
then we can see how they are related to each other and whether
they satisfy the physical theory of the PP production process.
First we plot H2 flow, pressure and MFI (Model-2 output)Figure 25 Fuzzy C-Means Clustering of
Please cite this article in press as: Jana, D.K. et al., Application of Interval Type-2 F
Journal of the Saudi Society of Agricultural Sciences (2016), http://dx.doi.org/10.10on three co-ordinate axes and the resultant surface generated
is shown in Fig. 20. It is quite clear from the diagram that at
medium range of donor flow, where hydrogen flow is low,
there MFI is low and when it is at high range, MFI is also
high. In the rest of the surface MFI value is almost fixed at
3.5. This again symbolizes Eq. (18).
The surface representation generated by hydrogen flow,
temperature and MFI is featured in Fig. 20. The low hydrogen
flow, as shown in the figure, yields a low range of MFI and a
high MFI yield is achieved at high hydrogen flow rate, at the
whole range of temperature. Only in the middle of the surface
where hydrogen flow is medium, MFI is maintained at 3.5.
The surface produced by hydrogen flow, pressure and MFI
is displayed further in Fig. 21. The maximum yield of MFI is
achieved with the high range of hydrogen flow and the mini-
mum yield of MFI is obtained by the low range of hydrogen
flow, at the entire range of pressure. Thus, Figs. 20 and 21 indi-
cate the fact that the most effective controller of MFI is hydro-
gen flow and they do verify Eq. (18).
The preview of the surface generated by hydrogen flow,
donor flow and xylene solubility is illustrated in Fig. 22. It is
evident from the figure that in spite of all ranges of hydrogen,
the xylene solubility decreases step by step as donor flow varies
from lower range to higher range. This verifies Eq. (19) quite
efficiently.
Fig. 23 presents the surface created by donor flow, pressure
and xylene solubility. As shown, in the figure, the increment in
the value of donor flow effects a fall in the value of xylene sol-
ubility step by step, in view of the entire range of pressure.
Again, the surface produced by donor flow, temperature
and xylene solubility shown in the Fig. 24, a stepwise drop
in the value of xylene solubility is observed as the donor flow
is increased gradually throughout the entire range of tempera-
ture. Thus, we can conclude that the donor flow controls the
xylene solubility mostly and they satisfy the relation in Eq.
(19). The achieved results of the study can be compared with
some relevant studies discussed in the literature. The obtained
result of the research identified that the proposed ANFIS mod-xylene solubility for two types of data.
uzzy Logic to polypropylene business policy in a petrochemical plant in India.
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18 D.K. Jana et al.els are capable to predict (in Fig. 25) the PP quality parameters
utilizing limiting data sets.
7. Conclusions and future research work
The growth of polypropylene business over its nearly 70 years
of existence has been the most vigorous in plastic manufactur-
ing history. Research works are going on with PP, where mak-
ers experiment with different methods for its production. This
paper presents a Mamdani Interval Type-2 Fuzzy Logic infer-
ence approach to control the quality of polypropylene during
its production period. Sensitivity analysis selects the best
model that gives more precise results compared to the plant
data. In general the production engineers have to opt for a trial
and error process to set the input parameters for attaining the
desired quality of polypropylene. But if the proposed mathe-
matical model is applied in petrochemical plant, it will benefit
the engineers to set the input parameters promptly to achieve
the desired quality of polypropylene. The prediction of the
quality of the yield during the production phase will help the
production farm and as well as the end user to estimate the
class of product in advance. Moreover, sometimes due to trial
and error process sometimes the required specification is not
achieved, resulting in the production of non-prime, off-grade
products of inferior quality which increases the price of non-
conformance. The use of our projected model will certainly
protect the valuable time and reduce the cost of the accom-
plished product.
For further research work, we will utilize and integrate
other intelligent methods, such as interpretative structural
modeling method, simulink and fuzzy artificial neural net-
work, to evaluate the scale of efficiency of our current study.
Furthermore, the product quality of other petrochemical
plants can be evaluated by this proposed method also.
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